INTRODUCTION
TN the distylic Primula vulgaris the pin plants with long styles and low anthers, are recessive (ss) to the thrum plants (Ss), which have short styles and high anthers. The naturally occurring homostyles have long styles and high anthers and are the result of a change in the gene complex determining the heterostyly (Ernst, 1928) . The changed gene complex may be considered as a gene S', recessive to the thrum gene S, and dominant to the pin gene s. Pollen from anthers at a given level is not inhibited in its growth on stigmas at the same level whereas it is on those at different levels, so that the homostyles are fully self-fertile. The self-compatibility of the homostyles together with the close proximity of the stigma and anthers, has led to the belief that the majority of homostyle plants are selfpollinated. Thus Crosby (1949) did not consider the possibility of crossing, in the explanation he put forward to account for the varying proportions of homostyles found in extensive counts of natural populations.
It is the purpose of this paper to present evidence in favour of the occurrence of natural crossing between the homostyle plants, and discuss its bearing on population studies.
THE EXTENT OF CROSS-FERTILISATION
In 1946 a number of homostyle plants were brought by Professor Sir Ronald Fisher from Sparkford, Somerset, to the Genetics Department at Cambridge, where for several years homostyles, from segregating progenies, were allowed to pollinate in open-pollination plots and their progenies grown. Assuming that the homostyles selfed, flowers taken from segregating progenies would have the genotypes Si?s or S6S', according to whether pins appeared in their progenies or not. In one or two of the early years thrum plants were put in the plots. The progenies of some of the homostyles from these plots were then found to contain thrums, which could only have arisen through crossing of the thrums onto the homostyles. Now, since thrum plants were not subsequently used in any of the plots, the possible legitimate crosses involving female homostyl.e parents are S'lSh xS6S6, SzSht xShzs, Shs xS'S1 and SFs xS6s, of which only the latter could give rise to pins. Hence, if . is the proportion of plants which are the result of 363 seif-fertilisation, v : i -v is the proportion of the genotypes S's amongst the homostyle parents and the illegitimate cross S?s \ss is neglected, the expected proportion of pins amongst the progeny of segregating homostyles is P = I/4(+v (I -a) ). This decreases from I /4 to v/4 as o decreases from to o. Thus the significant deficiency of pin plants amongst the progenies of supposedly selfed homostyles provides further evidence for crossing.
If the observed frequency is a/n or y, say, the maximum likelihood estimate for is (4y-v)/(I -v) with an estimated variance of
The proportion of pins recorded in segregating progenies for the years 1946 to is given in table i. The x' on the total, for deviation from the expected i : 3 ratio when s = , is highly significant with P<oi per cent. A heterogeneity x2 for all the years gives I5I232 for eight degrees of freedom, the 5 per cent. point being I55O7, whereas for the years 1946-54 only, the corresponding value is 2 359O for seven degrees of freedom. A further test shows that the difference between 1955 and the other years is significant with P<i per cent., indicating that in 1955 there was apparently no or very little crossing whereas in the previous years the proportion of crossing had been more or less uniform.
If we assume no viability disturbances, v varies slightly about 2/3, the variation depending on the frequency of crossing. The proportion of segregating progenies recorded, however, shows no significant deviation from 2/3, and, taking v •at this value, the estimated proportion of crossing, derived from the years 1946-54 only, is 8224 per cent. with a standard error of 17 67 per cent. The effect of assuming a lower viability for the homozygous homostyles (ShShi) relative to the heterozygous homostyles (Sis), as Crosby proposes, is to increase the proportion of pins to homostyles. Thus, the lower the viability assumed for the ShS/2 homostyles, the higher will be the estimated proportion of crossing. When this viability is 75 63 per cent. the estimated amount of crossing is ioo per cent. and the data will not tolerate a value lower than this. Allowing for any illegitimate crosses Shs ><ss has a similar effect.
An obvious possible explanation for the deficiency of pins is that they have a lower viability relative to all other forms. On this assumption the years 1946-54 give an estimate of 6688 per cent. for the relative viability of the pins, with an estimated standard error of 5I5 per cent. However, in the years 1956 and 1957, only progenies from isolated homostyles, forced to seif-fertilise, have been grown. The two years show no heterogeneity and give 130/520 for the total proportion of pins from segregating progenies. The contingency x2 testing the difference between this proportion and that observed for the years 1946-54 is 102 for one degree of freedom, giving a probability less than o5 per cent. Since, apart from the isolation of the parent homostyles, these later progenies have been grown in conditions as similar to those of previous years as the experimental controls will allow, this difference can only be attributed to the enforced selffertilisation of the parent homostyles.
A POSSIBLE REASON FOR CROSSING
In 1957 a further experiment was set up, in order to investigate the reasons previously put forward for the self-fertilisation of the homostyles, viz, the close proximity of stigma and anthers and the early dehiscence of the latter.
A number of plants were chosen at random from ten of the progenies and individual flowers on each plant marked with coloured thread when still in bud.
From the time when the flower had first opened sufficiently for the stigma to be easily visible, the difference in height between the stigma and the anthers was recorded each day for about six days, according to the scoring system indicated in fig. i . Scores of 0, I, 2, 3 or 4 were assigned to flowers as the position of the stigma varied from below the anthers to well above them. The state of the anthers, i.e. whether they had dehisced or not, was also recorded each day. This corolla grew, the difference in height decreased until the stigma was below the arithers. In a number of cases the stigma actually protruded stigmas of forty buds, arbitrarily selected, and whose anthers had not yet dehisced, were all found to be receptive to pollen. Hence we have here a situation well known to favour outcrossing in many species. The distributions of the scores for the total change in relative height of stigma and anthers (as measured by the difference between the initial and final scores recorded), the final recorded scores, and the number of days from first recording a flower to dehiscence of its anthers, are given in tables 2-4. In the tables, the results from plants within progenies are combined.
There is clearly considerable variation in all these characters. A contingency x2 calculated from the tables indicates whether the difference between the progeny distributions is significant, and thus Heterogeneity x2 = 195635 for 9 degrees of freedom P 2 per cent.
whether there is any evidence for polygenic inheritance of the characters. The x2 were calculated on grouping the last two rows in tables 2 and 4 and also the first two in table 3. This grouping decreases the sensitivity of the test, and so there can be no doubt of the highly significant heterogeneity indicating polygenic control of the characters. 
O7906-0'8146
Estimated component of variance due to differences between progenies .
008497
Approximately 95 per cent, fiducial limits .
It was not possible to partition the x2 further in order to investigate the differences between plants within progenies, as the expectations would be too small. The analyses of variance for total growth and number of days to dehiscence are given in tables 5 and 6.
The tests of significance and estimates from the analysis of variance are inefficient because of the coarse grouping of the data, the scoring system used being effectively the grouping of a continuous distribution.
Thus the significance levels obtained from the tables, testing variation between progenies, are considerably different from those obtained from the contingency x2 and are less reliable. The differences between plants within progenies are not significant. This is to be expected as the progenies are the result of at least two generations selfing, and so the major part of the heritable variation should lie in the differences between the parents.
Since there was no significant difference between the S.S. within plants and the S.S. between plants within progenies, these were amalgamated and estimated components of variance calculated, using Sheppherd's correction (Kempthorne, 1950) . The approximate fiducial intervals for the between-progenies components were calculated by the method of Bross (1950) .
The correlation coefficient between the number of days to dehiscence and the score for total growth, is highly significant at o6r36 for It may be noted that in a quantitative experiment of this kind, where measurements of a character are made on the flowers, the S.S. within plants gives a direct estimate of the environmental component of variance, without any assumptions concerning pure lines.
DISCUSSION
There are doubtless other factors, such as differential pollen-tube growth, which may affect the cross-fertilisation of the homostyle plants. However, a preliminary investigation did not show up any such differences. Most of the 1957 experiment took place in hot sunny weather, and so the results could not be explained by the sort of weather conditions that are known to favour late dehiscence.
Hence it seems that in considering the dynamics of the changes in the Primula populations containing homostyle plants, the crossfertilisation of the latter must be taken into account.
The data given in the previous section indicate that, although there is evidence for polygenic control of the amount of cross-fertilisation, there is considerable environmental variation. Thus the amount of cross-fertilisation may be expected to vary from year to year, as is borne out by the results of the breeding experiment for 1955.
There exist three possibilities with respect to the tendency of the homostyles to cross. By observing the number of days to dehiscence in pins from populations with a small proportion of homostyles, and studying the variation in the amount of crossing between homostyles from populations with different proportions of homostyles, it is hoped to gain some information about these possibilities. If (a) were true, the pins would also dehisce late and there would be no significant variation in the amount of crossing between homostyles from different populations. On the other hand, if (b) held, the pins would dehisce early, and the amount of crossing could be expected to vary more or less directly with the proportion of homostyles in a population, (c) being the intermediate possibility. If such a tendency to cross does exist with the illegitimacy system, it does not seem improbable that it arose out of selection favouring an increased efficiency of the illegitimacy system, a type of situation suggested by Mather and De Winton (ii) . Whichever possibility is true, it does not appear that the change to homostyly in the populations is an abrupt change from an outbreeding to an inbreeding system (Crosby, 1949 and 1954) . Certainly the situation in the Primula populations is more complicated than has hitherto been supposed and it is hoped, soon, to publish a more detailed theoretical investigation of the possible explanations for the observed changes.
SUMMARY
In Primula vulgaris, a significant deficiency of pins was observed amongst the progeny of segregating homostyles, which had pollinated in open-pollination plots. An experiment on the homostyle flowers showed that their anthers dehisced late, and revealed a characteristic 2A
pattern of relative growth of the stigma and anthers. These observations afford considerable evidence for the occurrence of natural crossing between homostyle plants of Primula vulgaris. This should therefore be taken into account when considering the dynamics of changes in the Primula populations and is probably a factor of some evolutionary significance.
